Introduction
Perchlorethylene (tetrachloroethylene 00.: Cel.) is a colourless, nonflammable liquid which is used for drycleaning, degreasing metals, as an industrial solvent and also medicinally as an antihelminthic. Practically insoluble in water, it is poorly absorbed in the absence of fats or oils. It has an ether-like odour discernible at concentrations of 50 parts per million (ppm) of air or more.
It has replaced the more toxic trichloroethylene in these industrial uses (2) . Over the last 15-20 years several cases of exposure to this chemical have been reported. Coler and Rossmiller have written of the effects in a group of seven men of acute exposure to concentrations of 282-385 ppm, while tank cleaning. The complaints varied considerably from case to case but included malaise, dizziness, headache, irritation of the nasal mucosa, light-headedness, nausea, fatigue, staggering gait, stomach-ache, slowed ability to think, memory impairment and a drunken-like state. In three of these men, liver function impairment was indicated.
Lob described ten cases of tetrachloroethylene poisoning, one of which was fatal, after intermittent exposure over a three-week period. Seven cases had exposure over three to five months and the symptoms, which were similar to those reported by Coler and Rossmiller, disappeared when exposure ceased. The remaining two cases reported by Lob had been exposed for two to three years. In these the symptoms remained after the cessation of exposure but with few residual physical signs. The air concentration was not ascertained (3 Canad. Psychiat. Ass. J. Vol. 14 (1969) 627
to increasing concentrations of tetrachloroethylene. Symptoms were first reported at exposure to 75-80 ppm and consisted of slight eye irritation after one to four minutes of exposure. Symptoms increased in severity up to the maximum concentration used, 210-244 ppm. Here, after 30 minutes, slight lightheadedness was reported and it was noted that increasing effort was necessary to give a normal Romberg's test. The authors concluded that "exposure to tetrachloroethylene should never exceed the 200 ppm concentrations previously recommended as the maximum allowable concentration" (6) . The National Clearinghouse for Poison Control Centers, 37th Supplement, states, "Perchlorethylene has an oral LDGO of 8,850 mg/kg in mice; a minimum lethal air concentration of 6,000 ppm for mice; 5,000 ppm is fatal to rats af.ter a six-hour exposure. It is readily absorbed through the lungs and, to a much smaller extent, through the skin or mucous membranes, or by ingestion. Perchlorethylene has a threshold limit value of 100 ppm. In humans 1,000 ppm produced inebriation in forty-five minutes; 2,000 ppm produced light narcosis in a few minutes. Exposure in confined areas to items recently cleaned with perchlorethylene in coin-operated dry-cleaning (sic) machines has caused drowsiness, ataxia, unconsciousness and, in one case, vomiting, convulsions and death. Perchlorethylene, when heated to decomposition (over 140 degrees C) produces corrosive products (e.g. hydrochloric acid, free chlorine, and phosgene)" (5) . Symptoms and signs of perchlorethylene poisoning listed by the National Oearinghouse for Poison Control are as follows:
"External: Prolonged or repeated contact causes defatting of the skin with dermatitis, dryness, roughness, cracking. Eyes: The vapor (sic) or liquid produces irritation with burning, lacrimation and inflammation. Inhalation: Irritation of the mucous membranes of the nose, throat and respiratory tract, salivation, perspiration, cough, lightheadedness, confusion, alcohol-like intoxication. There may be headache, restlessness, excitement, dizziness, faintness, weakness, nausea, v 0 mit i n g , twitching of the eyelids, weak pulse, drowsiness, stupor, unconsciousness. Convulsions occurred in one fatal case. Large amounts produce anaesthesia.... Injuries to the liver and kidneys may occur from ingestion, and to a lesser extent from inhalation or chronic exposure. In contrast to chloroform and carbon tetrachloride, these injuries are infrequent, and less severe" (5) .
Case History
A forty-seven year old white bachelor was admitted to the DVA Hospital in Halifax, Nova Scotia, on July 22, 1967. He gave a four-month history of increasing fatigue, difficulty with concentration and memory, increasing agitation and restlessness, lack of energy and ambition. In December, 1966 he had developed left hip pain and was subsequently unable to straighten the leg for two weeks. Muscle cramps had continued since then. For three days before admission he had complained of abdominal pain and diarrhea, although these had cleared spontaneously the day before admission.
Three years before this hospital admission, the patient had established a small dry-cleaning partnership. He worked there six days a week as a cleaner and clerk, and on the seventh day (Sunday) he spent two hours cleaning the vats, alone. This consisted of draining the fluid from the vats, cleaning them out and changing the filters. He had done this by himself every Sunday for three years. The dry-cleaning fluid used was perchlorethylene, delivered to the plant by a tanker truck. The vats were in a small closed room which was ventilated only by a little electric fan. The temperature was not known although an ordinary thermometer in the room was said to be always at its top level of 120 degrees F. Following the Sunday cleaning job, he always vomited, staggered, and was con-fused and disoriented. He would then return to his boarding house and sleep for two hours. During this sleep his landlady reported he could not be aroused. On one occasion he was completely disoriented for one hour. Since December, 1966 he had been staggering constantly and became dizzy on any sudden position change. In addition, he had noted an increasing intolerance to alcohol, feeling intoxicated after one pint of ale. He was irritable and tense at work, especially over the last four months before admission. Despite all of these symptoms, he continued both to work and to clean the tanks. His story was verified by his sister and by his general practitioner, who also added that for the past six months he had become increasingly forgetful and worrisome, and that the counter in the shop was scarred in many places by burning cigarettes that he had forgotten. This physician had attempted to treat him with several minor tranquillizers, with no improvement and then advised his admission to hospital. The patient worked until the day before admission, at which time he closed the business.
His past medical history was quite uneventful. His childhood history revealed no abnormalities and he had reached grade eleven at age fifteen, when he left school to help support his eight younger siblings. He had worked for nineteen years in the coal mines, interrupted only by three years in the army during W odd War II. Before establishing his dry-cleaning business he had worked for an oil company for six years, inspecting outdoor installations.
Prior to becoming ill he had enjoyed many outside activities, went to parties and had experienced a number of heterosexual encounters. He had not married, allegedly because his fiancee had died of tuberculosis. He avoided arguments, always had felt responsible for his widowed mother, and had developed palpitations, perspiration, headaches and a lump in his throat whenever his partner argued or came to work intoxicated.
Examination revealed a tall, thin, unshaven man with greying hair who appeared older than his forty-seven years. He was agitated and unable to keep still. His speech was circumstantial but logical. Affect was somewhat flattened but he tended to joke about his problems. He was moderately disoriented for time and date and constantly was lost on the ward. He kept lists in order to remember recent things, as it had been necessary for him to do for several months, and he often lost the thread of the conversation. It was noted that he was tactless and would joke inappropriately. His digit span was seven numbers recalled forward, four backward. He was unable to concentrate on simple arithmetic, forgetting the numbers.
Physical Examination
The skin of his hands, forearms and lower legs was very dry, scaling, and there were several ecchymotic areas. Neurological examination revealed an absence of smell on the right side, with a septum deviated to the right. All other cranial nerves were intact. He had acute conjunctivitis in the right eye, and both fundi were normal. All tendon reflexes were present and equal. Plantar response was normal bilaterally. He was seen by a neurologist who found no neurological abnormalities. Initially, due to his agitation, irritability and frequent crying spells, he was kept on chlordiazepoxide 10 mg. t.i.d., and amitriptyline 50 mg. t.i.d. which had been started by his home doctor. However, his agitation was not controlled and his mood became more labile, with depression predominating. Therefore, after four weeks, and after a suitable interval without amitriptyline, his medications were changed to chlorpromazine 50 mg. q.i.d. and tranylcypromine 10 mg. t.i.d. On this regimen his agitation subsided but his social tactlessness, disorientation and confusion remained. He tried to write a letter to his lawyer but was unable to compose it. His handwriting had become shaky and illegible; his speech was perseverative and he stammered. However, he became more cheerful and was considered fit for discharge on September 22, 1967, two months after admission.
On November 1, 1967 he returned to hospital because his agitation, tension and labile mood had returned after he neglected to take his medications. During his stay, repeated laboratory investigations of liver and kidney function remained normal and the EEG. and the findings suggestive of organicity on psychological testing were unchanged. He returned to his clinical level of September 22, 1967 when his drugs were re-initiated, and he was again discharged on November 12, 1967.
Follow-up in January, April, and July of 1968 found him to be unchanged, in that he was still confused and because of this he had stopped driving a car. He was easily disoriented and continued to show poor recent memory. He displayed mood lability, tension and stammering speech.
Exposure to perchlorethylene had not been repeated since his first admission. Since July, 1968 he has been lost to follow-up.
Discussion
As discussed in the introduction there have been several reports of perchlorethylene poisoning. However, in most of the cases exposure has been acute, while in the two reported cases of chronic exposure, the symptoms subsided when contact with the chemical ceased. The present case differs not only in the chronicity of exposure but also in the resultant permanent damage, with symptoms persisting for at least a year after exposure ceased.
The clinical picture suggests both cerebral cortical damage and basal ganglia involvement. However, it is impossible to pursue the pathophysiology any further, other than noting that Baker found that chronic trichlorethylene exposure in dogs resulted in a selective destruction of the Purkinje layer of the cerebellum, with scattered swollen or pyknotic cortical neurones and mild focal swelling of the myelin sheaths in the white matter (1).
This patient's continued exposure to perchlorethylene, despite his symptoms over three years, reflects his previous personality. However, the persistence of his clinical picture and its irreversibility over one year, strongly suggests that perchlorethylene is more dangerous than has been previously believed. Therefore, it is recommended that all sources of supply of this chemical, whether in separate barrels or delivered by tanker-trucks, be c~early labelled with precautionary ad-VIce. Summary A case of a forty-seven year-old male with a three-year history of daily prolonged exposure to perchlorethylene has been reported. Acute symptoms included nausea, vomiting, dizziness, staggering gait and disorientation followed by deep sleep. Chronic symptoms were fatigue, irritability, lability of mood, inappropriate affect, mild disorientation, difficulty with recent memory and perserverative stammering speech, which remained over a twelve-month follow-up period despite lack of further exposure.
The literature on perchlorethylene intoxication was reviewed and a marked similarity of the patient's symptoms to those described by other authors was noted. This case differed in the length of exposure and the persistence of symptoms a year after exposure had ceased.
